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non-contacting sensor and 1s arranged to detect the position
of the outer surface of the bale or the surtface of an endless
conveying element located about the bale.
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1
ROTARY BALER

BACKGROUND

1. Field of Invention

The invention generally relates a rotary baler having a
variable sized baling chamber. More particularly, the inven-
tion relates to such a rotary baler that turther includes means
for measuring the diameter and shape of a cylindrical bale,
and at least one sensor configured to collect information
regarding the diameter of a bale formed in the baling
chamber.

2. Related Technology

Mechanical arrangements for detecting the size or the
symmetry of a bale produced in a rotary baler have been
proposed 1n U.S. Pat. No. 4,433,533 and FR No. 2 379 063
A. These references disclose two rolls that roll on belts that
enclose the baling chamber. The position or the symmetry of
the rolls 1s mechanically displayed to the operator of the
tractor towing the rotary baler, as taught in FR 2 579 063 A,
or 1s used for the automatic steering of the baler, as in U.S.
Pat. No. 4,433,533.

EP 0 634 094 A teaches that the compact height of the bale
can be detected using a spring in contact with the side flanks
of the bale. This information 1s converted to an electrical
signal using a potentiometer.

Other mechanical arrangements detect the size of the bale
at a single measurement point. According to EP 0 287 156
A, the position of the tensioming pulley of the belt 1s
mechanically transmitted to a micro-switch operating mag-
netically. As taught 1n EP 0 296 709 A, the position of the
tensioning pulley 1s detected using a potentiometer. Addi-
tionally, DE 44 42 479 A discloses that the position of a
movable sprocket during the formation of the bale can be
detected using an optical sensor.

As a result of the dust generated, the mechanical compo-
nents of the baler are likely to malfunction. Furthermore,
only a single measurement point 1s available along the width
of the bale, so that no reliable information 1s generated

regarding the distribution of the diameter of the bale over its
width.

U.S. Pat. No. 4,850,271 describes a rotary baler capable
of measuring the diameter of the bale and then subsequently
displaying this information. As disclosed, the measuring
configuration includes three sensors positioned along the
width of the baling chamber, each of which detects the
tension 1n the belts of the baling chamber by use of a
spring-loaded mechamism. The mechanism moves potenti-
ometers that are connected to the display arrangement by
means of a signal processor. An additional potentiometer
detects the position of a tensioning arm of the belts. Relying
on the three measurement values of the tension of the belts,
the operator can detect the shape and any possible irregu-
larities 1n the diameter of the bale and perform correspond-
ing steering countermeasures in case that these are still
possible. The detection of the diameter with respect to the
position of the tensioming arm permits a determination of
only the maximum diameter, while the information detected
by the tension of the belts regarding the shape of the bale 1s
relatively 1nexact. The reason for the imprecision 1s attrib-
uted to the fact that the tension of the belts 1s a function of
not only the local dimension of the bale, but 15 also affected
by bearing ifriction and mechanical properties that vary over
the width of the bale, particularly the elasticity of the
harvested crop. The mechanical elements of the sensors are
exposed to a relatively dusty environment, become contami-
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nated after a relatively short time and then the sensors
operating capability 1s diminished.
DE 38 11 649 C proposes using multiple sensors distrib-
uted across the width of the flow of harvested crop, upstream
of the baling chamber 1n a rotary baler, to determine the
distribution of the harvested crop. These multiple sensors
can also be used for an automatic sideways shifting of the
baler and/or of the flow of the harvested crop. The sensors
may operate 1 a non-contacting manner, for example, as
capacity sensors or on the basis of light or ultrasonics. In
cach case, the harvested crop 1s detected before the baling
process begins. The actual size of the bale 1s not detected.
Consequently, there 1s need to provide rotary baler
capable of measuring the diameter and the shape of a
cylindrical bale that 1s improved over the state of the art.

SUMMARY

These and other objects and advantages of this invention
will become apparent to a person of ordinary skill 1n this art
upon careful reading of the detailed description of this
including the drawings as presented herein.

The present mvention proposes that the position of the
outer surface ol the bale and/or an endless conveying
clement enclosing the baling chamber to the outside can be
detected 1n a non-contacting basis by means of an appro-
priate sensor. The sensor can detect the bale 1tself at the gaps
between the idividual conveying elements of the baling
chamber or utilize acoustic or electromagnetic radiation that
penetrate the conveying element, but are reflected by the
surface of the bale. Alternatively, the non-contacting sensor
interacts with at least one conveying element of the baling
chamber.

Therefore, mechanical elements with limited reliability 1n
dusty environment of a baler are eliminated and avoided. By
detecting the bale 1itself and the position of the endless
conveying element, more reliable mformation about the
immediate diameter of the bale can be acquired.

By distributing several, particularly at least three, sensors
over the width of the rotary baler, moving one sensor
successively back and forth across the width of the rotary
baler, or by scanning the entire width of the rotary baler with
one sensor, accurate information regarding the distribution
can be obtained. This information 1s provided to the operator
of the baler using an appropriate display arrangement, so
that, 1f necessary, the operator can improve the symmetry of
the bale by counter-steering. This information can also be
provided to an automatic steering arrangement of the tractor
ol the baler.

Moreover, a computer system can detect the average bale
diameter, the concentricity or shape of the bale using the
present information. In particular, the computer system can
determine whether the bale 1s convex (barrel-shaped) or
concave (hourglass-shaped). Therefore, a display showing
that the center of the baling chamber can be filled with
harvested crop to a greater or a lesser degree by approprate
steering corrections, 1 order to attain bales that are as
cylindrical as possible, can be provided to the operator or the
automatic steering arrangement.

A particularly high resolution of the measured values can
also be obtained if each conveying element of the baling
chamber 1s associated with 1ts own sensor.

The sensor operating on a non-contact basis may be
configured 1n various ways. In a preferred embodiment an
ultrasonic distance measuring arrangement 1s applied. The
use of a radar, microwave, laser or other distance measuring
arrangements 1s also contemplated.
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BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the present
invention will be better understood by reference to the
following detailed description when considered 1n conjunc-
tion with the accompanying drawings. The drawings show
an embodiment of the imvention that shall be described 1n
greater detail 1in the following:

FIG. 1 shows a schematic side view of a rotary baler
according to the mvention; and

FIG. 2 shows a schematic view of the arrangement for
measuring the diameter and the shape of the cylindrical bale
that includes sensors, a computer system and a display
arrangement.

DETAILED DESCRIPTION

Referring now to the drawings, FIG. 1 shows a rotary
baler 10 with a housing 12 coupled to an agricultural tractor,
not shown, by means of a towbar 14, 1n order to be towed
across a field to the right, 1n a direction of operation. The
baler 10 1s supported on wheels 16 and the housing 12 1s
composed of a ngid front housing half 18 and a pivoted rear
housing half 20, which are connected to each other via an
upper joint. The housing 12 carries a multitude of rolls or
rollers. Several endless conveying elements 22, extending,
alongside each other, are carried over the rolls. The convey-
ing elements 22 largely surround a baling chamber, together
with side walls of the housing 12. In this embodiment, the
conveying elements 22 are configured as belts but may be
otherwise configured. An inlet 26 1s provided in the lower
region of the baling chamber. The inlet 26 1s bordered to the
rear by a roll 28 and permits the entry of crop taken up by
a pick-up 30 mto the baling chamber.

The rotary baler 10 further includes several conveying
clements 22 arranged alongside each other. During the
harvesting operation, the conveying elements 22 are brought
into motion and enclose a bale 32 being formed 1n the baling
chamber on the front, top and rear. As illustrated 1n FIG. 1,
the reference numbers 32, 32' and 32" refer to bales of
increasing diameter. The configuration and the operation of
such a rotary baler are known. Reference 1s made to the
disclosure of U.S. Pat. No. 6,745,681, which i1s herein
incorporated by reference in 1ts entirety.

Several sensors 34 are fastened to the rear portion of the
upper end of the rear housing half 20. As shown 1n FIG. 2,
three sensors 34 are arranged alongside each across the
width of the rotary baler 10. The outer sensors 34 interact
with the edge regions of the bale 32, while the center sensor
34 interacts with the center of the bale 32. The sensors 34 are
conventional ultrasonic distance measuring devices that rely,
in particular, on a running time measurement. The sensors
34 detect the spacing between their underside and the
adjoining conveying elements 22, not shown in FIG. 2, that
are 1n direct contact with the outer circumierence of the bale
32. In this way the sensors 34 provide information regarding
the diameter of the bale 32, as a function of the position of
the sensor 34.

The sensors 34 are connected to a computer system or
clectronic control unit (ECU) 38 by a bus connection 36. The
computer system, 1n turn, controls a display arrangement 40
positioned 1n the operators cab of the agricultural tractor.
The sensors 34, the computer system 38 and the display
arrangement 40 are supplied with power and current from
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the on-board network and power source of the agricultural
tractor. Preferably the display arrangement 40 and the com-
puter system 38 are components of a bus network system of
the agricultural tractor. The three measurement values of the
sensors 34 are displayed on the display arrangement 40 1n
three fields 42, each of which represents a region of the bale
32. The measured values may be provided in graphical,
representative or numerical form. By providing this infor-
mation 1n this manner, the operator 1s informed regarding the
actual diameter and the shape of the evolving bale 32 and 1s
permitted to take action necessary to correct any deficiencies
in the formation of the bale.

As a function of the position of the tractor and the baler
10, the measurement values of the sensors 34 or the values
derived from the sensors, such as an average bale diameter
or the change in the average bale diameter, can be mapped
and geo-referenced by the computer system 38, if appropri-
ately equipped, for later evaluation.

It should be understood, and therefore included within the
scope of this mvention, that the various elements of the
described embodiment can be replaced with a wide varniety
of different mechanisms or devices including, automated or
manual devices. While the principles of the present inven-
tion have been made clear in the 1llustrated embodiments, 1t
will be immediately obvious to those skilled 1n the art many
modifications of structure, arrangement, proportions, the
clements, materials and components used 1n the practice of
the invention and otherwise, which are particularly adapted
to specific environments without departing from those prin-
ciples. The following claims are intended to embrace and
cover any and all such modifications with the limits only of
the true spirit scope of the ivention.

The mvention claimed 1s:

1. A rotary baler for forming cylindrical bales comprising;:

a variable si1zed baling chamber defined by a housing and

at least one conveying element, the at least one con-
veying member receiving material and forming the
material mto a generally cylindrical bale;

at least three non-contact distance sensors located adja-

cent the baling chamber and being positioned to detect
on a non-contacting basis a position ol one of said
conveying element or bale correlating to the diameter
of the bale being formed in the baling chamber and
being constructed to generate a signal correlating to the
diameter of the bale, wherein the at least three non-
contact distance sensors are respectively positioned at
three different locations across a width of the baling
chamber and are operable for generating three separate
signals representing respective diameters of said bale at
three locations of said bale corresponding to said three
different locations; and

a computer system 1n communication with the at least

three sensors, the computer system being configured to
receive said three signals from the at least three sensors
and determine whether a shape of the bale 1s convex or
concave.

2. The rotary baler of claim 1 wherein the computer
system 1s configured to determine an average diameter of the
bale.

3. The rotary baler of claim 1 wherein each of the sensors
1s an ultrasonic sensor.
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